Enzymatic properties of dipeptidyl carboxypeptidase (DCP) from Bacillus pumilus were investigated. Theenymewas moreactive on tri-and tetrapeptides than angiotensin-converting enzyme (ACE) from rabbit lung. The presence of chloride ion is essential for the hydrolysis. The Kmvalue of angiotensin I for the enzyme was 0.119 x 10~3 m. The enzyme was not inhibited by the mammalian ACEinhibitors lisinopril and enalaprilat.
catalyzes the hydrolytic release of dipeptides from the carboxyl terminus of oligopeptide substrates. Although the enzyme has a broad substrate specificity, its best-known physiological function is to convert decapeptide angiotensin I into vasoactive octapeptide angiotensin II by removing the C-terminal dipeptide His-Leu,1~8) and inactivating Bradykinin. [9] [10] [11] [12] [13] Although the enzyme occurs widely in mammalian cells, there have been only a few reports on those from microbial origins.14" 15) Wehave reported the purification and some properties of a dipeptidyl carboxypeptidase from B. pumilus HL721 16) which released the C-terminal dipeptide from some peptides including angiotensin I. In this study we describe the enzymatic properties of DCPfrom B. pumilus. Ala-Ala-Ala-Pro, Ala-Ala-Ala-Ala, Ala-Ala-Ala, Ala-AlaPro, Ala-Phe-Ala, Gly-Phe-Ala, Ala-Pro, Ala-Ala, and Phe-Ala were obtained from Bachem Feinchemicalien. Sepharose 6B column chromatography. DCPwas purified to a homogeneousstate from B. pumilus as previously described.16) Purity of proteins were analyzed using 12% SDS-polyacrylamide gels as described by Laemmli.18) Assay ofenzyme activity. A routine assay of the enzyme was done with 10mMBz-Gly-Ala-Pro as a substrate. One hundred jx\ of substrate and 50/xl of 50mM phosphate buffer, pH 7.0, containing 1.2m KC1 were incubated with 50/A of the enzyme solution at 40°C. The reaction was stopped by adding 50fA of 1 n HC1 after an appropriate incubation time. The amount ofhydrolysis products in the reaction mixture was measured by reverse-phase HPLC (TSK-gel ODS 80TM column, 4.6 mm x 15 cm). The column was developed at l.Oml/min for 5min in 0.1% (v/v) trifluoroacetic acid (TFA) followed by linear gradient
The eluates were monitored at 215nm. One unit of the enzymeactivity was defined as the amount of the enzyme releasing 1 /xmol of Ala-Pro per min under the above conditions.
For identification of hydrolysis products from peptide substrates, a certain amount of the enzyme (0.2U/ml) was incubated with the peptides (0.5mM) for 10min. The reaction was stopped by adding 1 n HC1 and hydrolysis products were analyzed by HPLC. Each separated hydrolysis product was identified by comparison with the retention time of knownsubstances.
Aminoacid analysis. Products of des-Arg9-bradykinin hydrolysis were collected after separation by HPLC and lyophilized.
Peptides were hydrolyzed at 120°C for 24hr in 6n constant-boiling HC1. The hydrolyzate was evaporated and the amino acids of the residue were analyzed using a Shimadzu LC-6A system.
Results and Discussion
Substrate specificity on some peptides To compare the substrate specificity of DCP from B. pumilus and rabbit lung ACE, both enzymes were allowed to react with various Table I . Substrate Specificity of DCPand ACE DCP (0.2 U/ml) or ACE (0.2 U/ml) was incubated with substrate in 50 mMphosphate buffer, pH 7.0 containing 300mMKC1. The product was separated by HPLCas peptides. The usual reaction time for substrates was lOmin. However, Ala-Pro-Tyr-Ala, AlaAla-Pro, and Gly-Phe-Ala were incubated for 100min. The hydrolysis products in the reaction mixture were analyzed by HPLC. The rate of hydrolysis was expressed against that ofBz-Gly-Ala-Pro as 100%. Both enzymes can hydrolyze only C-terminal dipeptides from these peptides including angiotensin I. As shown in Table I , DCPwas the most active on Ala-Ala-Ala-Pro. In digest of this tetrapeptide, Ala-Ala and Ala-Pro were identified and no other peptides or aminoacids were observed by HPLCand amino acid analyzer. Also DCP was active on Ala-Ala-Ala-Ala. These results so far discussed clearly indicate that the mode ofcleavage ofDCPis to release the C-terminal dipeptide. Amongtripeptides, Ala-Ala-Ala and Ala-Phe-Ala were hydrolyzed by DCP and only Phe-Ala was found as the product of Ala-Phe-Ala. DCP could hydrolyzed tripeptide, but ACEwas less active on tripeptide.
This activity on the tripeptide ofDCP is similar to that of Corynebacterium equi14) and not similar to that ofE. coli}5) On the other hand, ACE hydrolyzed Bz-Gly-Ala-Pro, Bz-Gly-HisLeu, and Ala-Ala-Ala-Ala* However, the activity of ACEto various peptides containing angiotensin I was quite a lot smaller than that Fig. 1 . DCP (6ng) Was Incubated at 40°C with 0.5him des-Arg9-Bradykinin in 50 him Phosphate Buffer, pH 7.0, Containing 300him KC1 for 1 hr. The reaction was stopped by boiling for 2min. Products were separated by HPLC as described. Numbered peaks are products that were identified by amino acid analysis (see Table II ). Arg9-bradykinin. 1 9) Therefore, to characterize the action pattern of DCP, des-Arg9-bradykinin was used as a substrate. Incubation ofDCP with des-Arg9-bradykinin produced a few peptide products as identified by HPLC (Fig.   1 ). The released peptides were separated, collected from the column, and identified by amino acid analysis (Table II) . Peak 1 was identified as Ser-Pro-Phe, peak 2 as Arg-ProPro-Gly-Phe. These results indicate that DCP releases the C-teminal tripeptide of des-Arg9-bradykinin and that this enzyme is able to not only to act as a dipeptidyl carboxypeptidase but also as a tripeptidyl carboxypeptidase. Burk plots (Fig. 2 and Table IV ). The Km of angiotensin I for DCPand ACEwere very close to each other, but Fmax of angiotensin I for DCP was 45.6-fold higher than that for ACE. The KmofBz-Gly-Ala-Pro for DCPwas 6.5-fold higher than that for ACE and that of Bz-Gly-His-Leu of DCPwas 36.3-fold higher than that for ACE.
Sensitivity of ACE and DCP against inhibitors and metal ions
Reactivation of EDTA-inhibited DCPwith divalent metal ions DCP is readily inhibited by EDTA and o-phenanthroline.
To identified the essential metal ions, we estimated the reactivation of inactivated enzyme with EDTA. The enzyme was first dialyzed against three changes of 10mMphosphate buffer, pH 7.0, containing 1 mMEDTAand then against three changes of 10mMphosphate buffer, pH 7.0, to remove the EDTA. Dialysis against EDTAcaused 100% loss of enzyme activity. The recovered activity was assayed under the assay conditions described in Materials and Methods after incubation of the enzyme with metal ions at 40°C for 20 min. One hundred % of the original activity was restored by 0.5 mMand 1 mMZn2+ (Table V) . These results strongly suggest that DCPis a zinc-metallo protease similar to other zinc-metallo exopeptidases (carboxypeptidase A and B, leucine aminopeptidase, ACE) in that Co2+ and Mn2+also restore their activity.
